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El Dr. Sebastián Sánchez-Fortún Rodríguez, Profesor Titular del departamento de 
Toxicología y Farmacología de la Facultad de Veterinaria de la Universidad 
Complutense de Madrid, 
HACE CONSTAR: 
1) Que la Tesis presentada por Ana D’Ors de Blas titulada “Efectos del 
fitoplancton tóxico procedente de aguas continentales y marinas en ecosistemas 
salobres de estuario” ha sido realizada en el Departamento de Toxicología y 
Farmacología de la Facultad de Veterinaria de la Universidad Complutense de 
Madrid bajo su Dirección. 
2) Que autoriza su presentación para que la doctoranda pueda obtener el título de 
Doctor. 
Y para que así conste, lo firma en Madrid a quince de junio de dos mil quince. 
Dr. Sebastián Sánchez-Fortún Rodríguez, Prof. Titular de Toxicología 
Dpto. de Toxicología y Farmacología, Facultad de Veterinaria. UCM 
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Toxic effects induced by salt stress on selected freshwater
prokaryotic and eukaryotic microalgal species
M. C. Bartolome´ Æ A. D’ors Æ S. Sa´nchez-Fortu´n
Accepted: 29 September 2008 / Published online: 15 October 2008
Ó Springer Science+Business Media, LLC 2008
Abstract In order to determine the short-term impact
induced by salt stress, cultures of Dictyosphaerium chlo-
relloides and Microcystis aeruginosa were grown in
presence of increasing sea-salt concentrations. Growth rate
and photosystem II activity in D. chlorelloides, and pho-
tosynthetic oxygen production (in both species) were
analyzed. A concentration-dependent response was
obtained with the presence of sea-salt in culture medium,
being M. aeruginosa (EC50(72) = 76.6 mM) more sensitive
to salt stress than D. chlorelloides (EC50(72) = 340.7 mM).
However, comparative analysis between growth and UPSII
inhibition in D. chlorelloides shown that there are not
significant differences among EC50(72) values obtained. An
immediate toxic response, induced by increase of sea-salt
concentration, has been obtained applying the calculated
EC50(72) values in both species. These results shown that
sea-salt acts as a sensitive and rapid toxic compound in
algal cells, and that the sensitivity of M. aeruginosa to
salinity stress is much higher than that of D. chlorelloides.
Keywords Toxicity  Salt stress 
Dictyosphaerium chlorelloides  Microcystis aeruginosa 
Growth rate  Photosynthetic activity
Introduction
Saltwater intrusion is the introduction, accumulation, or
formation of saline water into a water of lesser salinity. The
processes involved can be natural or human-induced but
are particularly exacerbated by human activity such as
urbanization, dredging and other various modifications in
the hydrology of tidal streams.The result of this is the
ultimate loss of tidal marshes and associated wildlife,
contamination of freshwater resources, and degradation of
the immediate shoreline.
High-salt stress is a major environmental factor that
limits plant growth and productivity (Boyer 1982). The
detrimental effects of high concentrations of salt on plants
can be observed at the whole-plant level as the death of
plants and/or decreases in productivity. Reductions in plant
growth due to salt stress are often associated with decreases
in photosynthetic activities, such as the electron transport
(Greenway and Munns 1980). Effects of salt stress have
been examined in various salt-sensitive and tolerant plants,
including some crop (Cheeseman 1988) and a facultative
halophyte (Adams et al. 1992), as well as in cultured cells
(Sumaryati et al. 1992), but mechanisms of inhibition of
photosynthesis by salt stress remain poorly defined.
Chlorophyceans and cyanobacters play an important
role in the equilibrium of aquatic ecosystems, being the
trophic chain level to produce organic matter and oxygen.
The rest of aquatic biota is strictly dependent upon the
photosynthetic activity of these organisms. Perturbations of
phytoplanktonic populations and alterations of their pri-
mary production may have severe repercussions on the
other biotic communities. Nowadays eukaryotic and pro-
karyotic cells are regarded as relevant indicators in the field
of environmental monitoring and assessment. Owing to
their easiness of culture and sensitivity to a number of
M. C. Bartolome´
Facultad de Quimicofarmacologı´a, Universidad Michoacana de
San Nicola´s de Hidalgo, Calle Santiago Tapia, no 43, 58000
Morelia, Michoacan, Mexico
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Toxic risk associated with sporadic occurrences of Microcystis aeruginosa
blooms from tidal rivers in marine and estuarine ecosystems and its impact on
Artemia franciscana nauplii populations
A. D’ors a, M.C. Bartolomé b, S. Sánchez-Fortún a,⇑
aDpto. Toxicología y Farmacología, Facultad de Veterinaria, Universidad Complutense de Madrid, Avenida Puerta de Hierro, s/n, 28040 Madrid, Spain
b Facultad de Quimicofarmacología, Universidad Michoacana de San Nicolás de Hidalgo, Calle Santiago Tapia, No. 43, 58000 Morelia (Michoacán), Mexico
h i g h l i g h t s
" Microcystis blooms keep their toxicity, even when they are dragged to estuarine.
" Microcystis aeruginosa blooms associated with tidal flows can be harmful to Artemia nauplii.
" The toxicological impact on nauplii depends of the cyanobacterial strain involved.
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a b s t r a c t
Microcystis aeruginosa is a species of freshwater cyanobacteria which can form harmful algal blooms in
freshwater water bodies worldwide. However, in spite its sporadic occurrences for short periods of time
in estuarine waters, their influence on zooplankton populations present in these ecosystems has not been
extensively studied. In this work, Artemia franciscana was used as test organism model, studying mortal-
ity against several strains of M. aeruginosa with different degrees of toxigenicity, measuring whole-live
cells and homogenate extracts. Results were compared with microcystin-LR equivalent content, mea-
sured by immunoassay. The results show that there were no significant differences between both expo-
sure models (whole cells and extracts), and there are significant differences respect to the toxigenicity of
cyanobacterial blooms depending of the M. aerugionosa strain involved in the process. Analysis of micr-
ocystin-LR equivalent concentration test immediately below the lowest significant concentration in allM.
aerugionosa strains was used to determine the potential risk associated with the cell densities during a
bloom. Comparison among the selected M. aerugionsa strains show that these factors have influence in
the results obtained, and thus, several differences have been evidenced depending of the microcystin-
LR equivalent production and the strain type involved.
Ó 2012 Elsevier Ltd. All rights reserved.
1. Introduction
Biodiversity is a measure of community structure, whether it is
expressed merely as species richness or with a specific index.
Different phytoplankton diversity studies demonstrated, according
to the dynamic equilibrium model of Huston (1979), that diversity
is reduced by competitive exclusion under conditions of high
production and low levels of disturbance, or where production is
too slow to allow recovery frommortality. Changes in species com-
position and diversity may produce changes in community level
parameters, like zooplankton and those parameters regulating the
community phytoplankton growth rate. Furthermore, high-
functioning and competitively dominant species are more likely
to be found within species-rich communities (Reiss et al., 2009).
It is important to understand how these changes are reflected in
ecosystem functioning and ecosystem services (Duarte et al., 2006).
Microcystis aeruginosa is a cyanobacterium species that can
form harmful algal blooms in freshwater water bodies worldwide
(Chorus, 2005), in both pelagic and benthonic communities
(Welker et al., 2007). Its distribution has spread into some estuar-
ies including the Guadiana River in Spain and Portugal (Rocha
et al., 2002). Although the potential impact of Microcystis blooms
on human health is known, its potential impact on the structure
and function of aquatic food webs is poorly understood (Ibelings
and Havens, 2008).
Cyanobacteria produce a large array of metabolites including
organic and amino acids, peptides, alkaloids, carbohydrates, and
0045-6535/$ - see front matter Ó 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.chemosphere.2012.11.029
⇑ Corresponding author. Tel.: +34 913943841.
E-mail address: fortun@vet.ucm.es (S. Sánchez-Fortún).
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ABSTRACT 22 
 23 
The short-term effect of low salinity was estudied using laboratory protocols in 24 
some coastal phytoplancton species like chlorophicea Tetraselmis suecica, diatom 25 
Nitzschia N1c1 and dinoflagellates Alexandrium minutum and Prorocentrum lima. All 26 
of cultures were exposed to low salinity rates, and cell growth rate, photosynthetic 27 
quantum yield (ΦPSII), and gross photosynthesis (Pg) were analyzed. Growth rate 28 
inhibition was similar in all species, and all of them tolerate also short-term exposures 29 
to salinities in the range 5-35 PSU. There were no significant differences between ΦPSII 30 
and Pg endpoints from T. suecica and Nitzschia sp., while A. minutum and P. lima 31 
displayed higher affectation rate on Pg than on ΦPSII activity. The influence of low 32 
salinity was higher on respiration in T. suecica, while in both dinoflagellates were 33 
higher in net photosynthesis. Nitzschia sp. exhibited similarly involvement of the two 34 
photosynthetic parameters. Therefore, although the four phytoplankton monocultures 35 
studied are able to survive in internal areas of estuaries under low salinity conditions, 36 
the photosynthetic activity is more affected than the growth rate in all phytoplankton 37 
communities studied except in chlorophicea T. suecica, which tolerate better this 38 
salinity drops. 39 
 40 
 41 
Key words: Marine phytoplankton; Low-salinity stress; Growth; Photosynthesis; 42 
Respiration. 43 
 44 
 45 
  46 
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1. Introduction 47 
 48 
Osmotic stress is one of the most significant abiotic cellular stresses and affects 49 
every aspect of plant physiology and metabolism. The physiological and biochemical 50 
responses are extensively studied to understand how algae respond and adapt to salinity 51 
changes (Kirst 1990).  52 
In estuaries, the tides cycle usually extends  inland the influence of salinity. As a 53 
result, the upper reaches of estuaries are freshwater systems characterized by the 54 
presence of a tidal regime, the freshwater tidal reaches (Muylaert et al. 2005). While 55 
several detailed phytoplankton studies have been carried out in the brackish reaches of 56 
some rivers (Soetaert et al. 1993; Van Spaendonk et al. 1993; Kromkamp and Peene 57 
1995), there are only a few information of to marine phytoplankton physiological 58 
responses in the freshwater tidal reaches, with comparison among growth, 59 
photosynthesis and respiration. 60 
In the particular case of estuaries, the continuous river-sea transition and the tidal 61 
influence are considered the main determining features of the phytoplankton biomass 62 
distribution (Calliari et al. 2005; Domingues et al. 2005; Hagy III et al. 2005). 63 
Although, local physic-chemical and biological factors such as water column depth, 64 
light availability, nutrient turnover, grazing pressure and species-specific interactions 65 
could eventually mask the effect of the longitudinal hydrological gradient (Lucas et al. 66 
1999; Kocum et al. 2002). 67 
The estuarine circulation is a common phenomenon in all estuaries (Day et al. 68 
1989). This circulation has been shown to be responsible for the transport of 69 
phytoplankton (Tyler and Seliger 1978; Malone et al. 1980) from coastal waters into 70 
estuaries. Thus, the upper reaches of estuaries are often characterized by massive 71 
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phytoplankton blooms (Moon and Dunstan 1990; Cole et al. 1992; Kies 1997; Muylaert 72 
et al. 2005). 73 
The development of models aimed at predicting bloom development and toxicity, 74 
which will aid coastal resource managers in their efforts to mitigate the wide ranging 75 
effects of harmful algal blooms, is currently a global research emphasis. However, the 76 
available field data indicate that bloom toxicity for various harmful algal species can 77 
vary considerably depending on the physiological status of the algal cells (Anderson et 78 
al. 1990; Poulton et al. 2005) and thereby influence the severity of a bloom event. 79 
Multiple physic-chemical factors (e.g. temperature, salinity, nutrients) have been 80 
reported to change the production of most algal toxins in both laboratory and field 81 
populations (Granéli and Turner 2006). In order to predict better bloom toxicity, it is 82 
essential to understandhow andwhat this variables modulate  biosynthesis and 83 
intracellular accumulation of these toxins. 84 
Blooms of toxic phytoplankton have been always associated with the estuarine 85 
coastal regions (Larocque and Cembella 1990; Lim and Ogata 2005). Giacobbe et al. 86 
(1996) showed that the spring blooms of the dinoflagelate Alexandrium minutum in 87 
Mediterranean Sea coincided with the increase in rainfall and freshwater runoff that 88 
increased the stratification of the water column. Similar findings were obtained in 89 
studies with diatoms (Doucette et al. 2008) or Prorocentrum spp (Morton et al. 1992) 90 
blooms under conditions of low salinity. 91 
These data seem to establish a relationship between salinity levels in the aquatic 92 
environment and the potential risk from toxic phytoplankton blooms and, interestingly, 93 
all these species were found in or close to estuarine regions. Alexandrium minutum was 94 
found in estuarine semi-enclosed lagoon where blooms of this species caused one 95 
casualty and six persons were hospitalized (Lim et al. 2002); Prorocentrum limablooms 96 
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generally occur in zones affected by freshwater inputs (large deltas, estuaries, fjords, 97 
lagoons) and/or anthropogenic inputs (Grzebyk and Berland 1996); and Thessen et al. 98 
(2005) reported an abundance of diatoms in coastal areas where salinity varied widely. 99 
The goal of this study was to experimentally test the hypotheses that the physiology 100 
of some common phytoplankton species is significantly influenced by tidal salinity 101 
changes, and if there are differences between toxic and non-toxic species.  Experiments 102 
were conducted to test the inhibitory effects of low salinity on growth rate, 103 
photosynthesis and respiration. 104 
 105 
2. Methods 106 
 107 
2.1. Cultures 108 
The marine microalga Tetraselmis spp is a convenient model for physiological 109 
and biochemical studies of the mechanisms of the adaptation to salinity (Strizh et al. 110 
2004), and for the maintenance of cellular ion homeostasis in particular when they are 111 
exposed to decreasing salinity concentrations. Therefore this specie was included in this 112 
study together with the three other toxic algae. Furthermore, Tetraselmis spp grows 113 
naturally in estuaries, and high tolerance to low salinity is expected. Because diatoms 114 
are the major group of photoautotrophic organisms inhabiting intertidal fine sediments 115 
in estuaries (Underwood et al. 1998), we have included the strain Nitzschia sp. N1c1 as 116 
a benthonic phytoplankton representative of them. Finally, we have included two 117 
representative harmful bloom-forming species, Prorocentrum lima and Alexandrium 118 
minutum, involved in diarrheic (DSP) and paralytic (PSP) shellfish poisons, 119 
respectively. 120 
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Strains of chlorophicea, Tetraselmis suecica, (non-toxic) diatom, Nitzschia N1c1 121 
(toxic), and dinoflagellates Alexandrium minutum and Prorocentrum lima (toxic) were 122 
obtained from algal culture collection of Genetics, Faculty of Veterinary, Complutense 123 
University, Madrid, Spain. Cells were axenically grown in cell-culture flasks with 20 124 
mL of artificial seawater (30 PSU) enriched with F-2 medium (Sigma-Aldrich Chemical 125 
Co., St. Louis, MO, USA), at 20 ºC and a photon irradiance of 60 µmol m
-2
 s
-1
 over the 126 
waveband 400-700 nm, in a 16:8 h light-dark photoperiod. Cells were maintained in 127 
mid-log exponential growth by serial cell transfers to fresh medium. Prior to the 128 
experiments, the culture cells were recloned (by isolating a single cell) to assure genetic 129 
homogeneity in all the cultures. 130 
Inoculations were taken from precultures set up three days before the experiment 131 
and cultured/grown under the same conditions. 132 
 133 
2.2. Toxicity tests 134 
Sea salt (free from nitrate, phosphate and silicate) was purchased from SERA
®
 135 
(Heinsberg, Germany). It was dissolved in distilled water. Because SERA
®
 sea salt 136 
consists of many different compounds that are present at a wide range of concentrations, 137 
the results presented in this work will be expressed as practical salinity units (PSU), in 138 
order to simplify the presentation of our data. 139 
Toxicity test were performed to determine the inhibitory effects of low salinity on 140 
algal growth, protosynthetic quantum yield and light-dark balance of oxygen at different 141 
salinites. The tests were performed in sterile 5 mL polystyrene culture tubes (Sarstedt 142 
Co., Nümbrecht, Germany) filled with F-2 medium. Previous studies determined the 143 
suitability for using polystyrene culture tubes in toxicity assays, assuring that chemicals 144 
and cells do not adhere to the wall tubes (Costas et al. 2001; García-Villada et al. 2002). 145 
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The water used for media preparation was of ultrapure quality, distilled by means of 146 
Milli-Q device (Millipore, Bedford, MA, USA) and sea salt was added to culture 147 
medium. Four sea salt concentrations (10, 15 20, and 25 PSU), as well as four controls 148 
(30 PSU), were established and tested. In addition, as an internal quality control for test 149 
the cultures, the bioassays were also performed on the reference chemical potassium 150 
dichromate (K2Cr2O7), and each assay was repeated eight times (n=8). Both control and 151 
test tubes were inoculated with 10
4
 cells mL
−1
 as initial concentration. 152 
All the cultures (control and treatments) were incubated for 72 h at 20 °C in a 153 
thermostatically controlled chamber (Velp Scientifica, Usmate, Italy) at 60 μmol m
−2
 s
−1
 154 
to ensure exponential algal growth. Every 24 h the algal density was quantified under 155 
the light microscope with a Neubauer’s chamber. 156 
The concentration causing 50% growth inhibition of algae was determined by using 157 
light microscope and Neubauer’s chamber (Brand, Wertheim, Germany). The quantity 158 
causing 50% inhibition of photosynthetic quantum yield (ΦPSII) was obtained by means 159 
of the dual-channel PAM chlorophyll fluorometer (ToxY-PAM, Heinz Walz GmbH, 160 
Germany). The ToxY-PAM dual-channel yield analyser obtains highly sensitive 161 
measurements of effective quantum yield of the algae pigment system II centres via 162 
assessment of the chlorophyll fluorescence yield and the saturation pulse method 163 
(Schreiber et al, 2002).The light-dark oxygen balance was analysed using a Clark-type 164 
O2 electrode. Dissolved O2 was measured in a 1 mL reaction chamber from a Chlorolab 165 
2 System (Hansatech, Norfolk, UK). Chlorolab 2. This system allows the study of 166 
respiration and photosynthesis from liquid samples, under automated illumination from 167 
red (660 nm) LED light and darkness. In the toxicity assays, measurements were taken 168 
at 20 °C and 975 μmol m
−2
s
−1
 irradiance. Light-dark oxygen balance, or gross 169 
photosynthesis rate (Pg) was estimated from the formula: 170 
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Pg = Pn + R 171 
where Pg corresponds to the oxygen production rate in light conditions, R (respiration)  172 
corresponds to the process by which microalgal cells consume oxygen and releases 173 
carbon dioxide in darkness conditions, and Pn (net photosynthesis rate) is defined as the 174 
difference between Pg and R. 175 
These parameters (growth rate, ΦPSII activity and Pg) were used as toxic endpoints 176 
and expressed as 72-h median inhibition concentration [IC50(72)] percentages. 177 
 178 
2.3. Data analysis 179 
 180 
The 72-h inhibitory concentrations of salinity on growth rate, protosynthetic 181 
quantum yield and gross protosynthesis were expressed as 72h IC50 values. These 182 
values were calculated according to the area under the curve method prescribed by the 183 
ISO (ISO 8692 1982). IC50-values were determined by nonlinear regression analysis, 184 
and all the results are presented as mean±sd.  185 
The ΦPSII activity was monitored on the software package ToxyWin v1.14 186 
(Heinz Walz GmbH, Germany), and the results are presented as mean±sd of inhibition 187 
percentage with regard to control. Oxygen measurements obtained both in darkness and 188 
in light conditions, were exported to a computerized chart recorder (Oxigraph v1.01, 189 
Hansatech, Norfolk, UK).  190 
Statistical analysis was performed using the computer software package 191 
GraphPad Prism v5.0 (Graph-Pad Software Inc., USA). The experimental data was 192 
analysed by one way analysis of variance (ANOVA) and the differences were 193 
considered significant at p<0.05. 194 
 195 
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3. Results 196 
 197 
The IC50(72) values of growth rate, protosynthetic quantum yield and gross 198 
protosynthesis corresponding to the different phytoplankton species used in this study 199 
are summarized in Table 1. Analysis of these data shown that there are significant 200 
differences interspecies depending of the parameter analyzed. Thus, when growth rate is 201 
analyzed, there were no statistically significant differences between them, obtaining 202 
median values of 6.63, 5.57, 8.47 and 10.67 PSU from T. suecica, Nitzschia N1c1, A. 203 
minutum and P. lima, respectively. However, the IC50(72) values of ΦPSII activity were 204 
found to be significantly different between the dinoflagellate P. lima (14.69 PSU) and 205 
the other 3 species, T. suecica (7.23 PSU), Nitzschia N1c1 (9.28 PSU) and A. minutum 206 
(9.70 PSU). Significant differences were also found between the IC50(72) values of gross 207 
photosynthesis (Pg) of the two dinoflagellates, P. lima (22.54 PSU) and A. minutum 208 
(18.28 PSU) compared to the values of the diatom N1c1 (10.51 PSU) and the 209 
chlorophicea T. suecica (7.80 PSU). Significant difference were also found between the 210 
IC50(72) values of the gross photosynthesis (18.28 PSU) and these of the growth rate 211 
(8.47 PSU) and photosynthetic quantum yield (9.70 PSU) for the dinoflagelate, P lima. 212 
A similar significant effect was found for the dinoflagelate A. minutum, with the IC50(72) 213 
values of the gross photosynthesis (22.54 PSU) being significantly different from the 214 
values of the growth rate (10.67 PSU) and ΦPSII activity(14.69 PSU).   215 
Comparison between linear regressions obtained for each one of the parameters 216 
tested (Figure 1) shown individual differences depending of the specie analyzed. : 217 
Comparison of linear regressions on toxicity assays of the chlorophicea T. suecica show 218 
no significant differences for growth rate, photosynthetic quantum yield and gross 219 
photosynthesis (Figure 1a). However, the analysis of these parameters on Nitzschia 220 
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N1c1 shows how this diatom exhibits greater sensitivity in photosynthetic activity 221 
towards declining salinity concentrations, while growth rates are less affected (Figure 222 
1b). 223 
In both dinoflagellate species, in addition to exhibiting significant differences 224 
between growth and photosynthetic activity parameters, these differences were also 225 
evident when ΦPSII and Pg were compared. In both A. minutum (Figure 1c) as P. lima 226 
(Figure 1d) cell populations, the reduction of salt levels in culture medium induced 227 
more evident drops on Pg than on ΦPSII. 228 
Similarly, our results also show that the cell populations from the four 229 
phytoplankton species exhibited different low salinity stress levels when production 230 
(light phase, Pg) and consumption (dark phase, R) of oxygen were compared (Figure 2). 231 
While the reduction of salt levels in culture medium mainly affected negatively 232 
respiration (R) of T. suecica cell populations (Figure 3a), the dinoflagellate A minutum 233 
and the diatom exhibit a higher impact in both photosynthetic parameters (Figure 3b and 234 
3c). Only respiration is negatively affected for the dinoflagellate P lima (Figure 3d). 235 
 236 
4. Discussion 237 
 238 
Salinity is known to be an important abiotic factor affecting phytoplankton growth. 239 
Different studies have demonstrated that, based on the determination of the optimal 240 
salinity for growth of different species, coastal species are more euryhaline than oceanic 241 
species (Brand 1984; Bolzano et al. 2011). 242 
A reduction in salinity has a negative effect on the growth of brackish water 243 
phytoplankton but different algal groups may be affected in a different way by a salinity 244 
reduction. Within the brackish reaches of the estuary, different salinity zones containing 245 
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specific phytoplankton communities can often be discerned (Lionard et al. 2005). This 246 
indicates that different brackish water phytoplankton species have different salinity 247 
tolerances. Therefore, we can expect some algal groups to be more sensitive to a salinity 248 
reduction than others, and dependents on the stratification of the water column. 249 
The results of this experiment demonstrated a high efficiency of the mechanisms 250 
for the maintenance of ion homeostasis in T. suecica cells under conditions of low 251 
salinity. (see Figure 2) Plasma membrane Na
+
-transporting systems can be involved in 252 
this process providing for both passive (uptake by the cell) and active (export from the 253 
cell) Na
+
 transport (Pagis et al. 2001). 254 
Comparison of the growth rate and photosynthetic activity between T suecica and 255 
the toxic dinoflagellates and diatom species, showed that the chlorophicea was better 256 
able to survive in low salinities. Comparative analysis among harmful algae showed that 257 
the Nitzschia strain N1c1 had a better general accommodation (G and Pg) to reduced 258 
salinity than the dinoflagellates studied. These results are consistent with the 259 
observations made by different authors, which show that diatoms were found to be the 260 
dominant phytoplankton group in the freshwater tidal reaches (Muylaert et al. 1997; 261 
Muylaert et al. 2000). 262 
Alexandrium minutum exhibited strong salinity tolerance, with a range from 5 to 30 263 
PSU. This is not surprising as the species was isolated from an estuarine lagoon with 264 
salinity fluctuation between approximately 10 and 25 PSU. As is often the case, species 265 
that tolerated low salinity can also tolerate very high salinity (Taylor and Pollingher 266 
1987). The growth rates, however, were slightly lower than those reported for the same 267 
specie (Cannon 1993; Chang and McClean 1997; Grzebyk et al. 2003). 268 
Experimental studies have shown that Prorocentrum spp can grow over a broad 269 
salinity range. Although natural blooms of Prorocentrum spp occur across a wide 270 
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salinity range, in many studies bloom outbreaks have been correlated with declining 271 
salinities usually associated with freshwater inputs (Méndez, 1993; Cabrini, 1995; 272 
Glibert et al. 2001). Our results are in agreement with those obtained by these authors, 273 
with grow data less affected than other parameters. However, Hajdu et al. (2005) 274 
reported that Baltic clones grew between 30 and 600 mM, but exhibited optimal growth 275 
at 260-290 mM; and Tango et al. (2005) found in Chesapeake Bay high density blooms 276 
in salinity levels of 85-170 mM. Our results are in disagreement with these data 277 
because, applying these salinity levels to our results, the values considered as optimal 278 
by Hajdu et al. (2005) will induce between 28% and 34% of cell growth inhibition, and 279 
a decrease in cell density between 50% and 80% in the Prorocentrum spp blooms 280 
studied in Chesapeake Bay. 281 
While T. suecica and Nitzschia N1c1 cells exhibited similar behavior when both 282 
photosynthetic parameters (Pg and ΦPSII) were compared, there were significant 283 
differences between them of A. minutum and P. lima cell assays (Figure 2). These 284 
differences were more evident when the two parameters related with gross 285 
photosynthesis (R and Pn) are analyzed (Figure 3). Thus, while reduction of salinity on 286 
T. suecica and P. lima cell populations showed a higher degree of involvement on 287 
respiration rate, Nitzschia N1c1 and A. minutum cell populations exhibited a higher 288 
impact on Pn rate.  289 
These results shown that, although direct comparisons are sometimes difficult due 290 
to the variety of methods and metrics used, there appear to be no consistent patterns in 291 
photosynthetic responses to salinity variations for all phytoplankton communities 292 
existent in estuarine ecosystems.  293 
13 
 
 
 
Our results respect to the different responses of algal photosynthetic activity 294 
demonstrate their species-specific response to low-salinity stress of different severity 295 
and, possibly, species-specific mechanisms of osmotic acclimation. 296 
Special consideration has the fact that there is no statistical differences between 297 
growth rate, photosynthetic quantum yield and gross photosynthesis due to exposures 298 
on the chlorophicea T. suecica to low salinity conditions. The best accommodation of 299 
these microalgae to short-term episodes of low salinity in estuarine environments may 300 
provide an advantage over harmful phytoplankton communities. However, some authors 301 
report the occurrence of harmful algae blooms under low salinity. According to Heil et 302 
al. (2005), Prorocentrum spp. blooms were able to survive in low to moderate salinities, 303 
and Thessen et al. (2005) obtained similar results in Nitzschia spp. communities. Thus, 304 
further studies in low-salinity and blooms must be undertaken for a better understanding 305 
of the presence of phytoplankton species in estuarine ecosystems. Maybe discrepancies 306 
between studies can be explained by inter-strain variability since strains from different 307 
geographical areas can present different adaptation capacities. 308 
The mechanisms of the effect of low salinity on photosynthesis in marine 309 
planktonic algae remain unclear. In particular, metabolic processes underlying fixation 310 
in certain algal species under reduced salinities of 15-20 PSU are not known. Some 311 
authors believe that it is possible that the increased rate of photosynthetic carbon 312 
fixation can be due to metabolite regulation mechanisms involved in chloroplast protein 313 
synthesis (Semenenko 1978), while other authors suggest that photosynthates such as 314 
glucose act as a corepressor, and chloroplast proteins would be expressed when the 315 
quantities of the effector metabolite will be insufficient for both cytoplasmic processes 316 
and synthesis of storage polysaccharides in chloroplasts (Radchenko and Il’yash 2006). 317 
Our results does not show any increase in photosynthesis rate, contrary to this studies. 318 
14 
 
 
 
This cell metabolism rearrangement can take place after desalination to a lower 319 
level (critical salinity and below). However, the death of cells with lost membrane 320 
integrity was similar to those observed after exposure to other unfavorable factors 321 
(Veldhuis et al. 2001), causing a decrease the specific rate of the photosynthetic ratio in 322 
microalgal culture below the control level, which was observed in other microalgae 323 
(Radchenko and Il’yash 2006). 324 
 325 
5. Conclusions 326 
 327 
In summary, the results obtained in this study designed to assess short-term salinity 328 
responses, show that salinity decrease in culture medium induce a similarly 329 
concentration-dependent inhibition in the four cell planktonic algae. Nevertheless, all of 330 
them tolerate short-term exposures to salinities in the range 5-35 PSU, which can be 331 
explained by the osmotic acclimation exhibited by these phytoplankton communities. 332 
Since this results shows a higher variability in the response to low salinity, is 333 
required more data in other toxic and non-toxic species, to improve the knowledge in 334 
marine phytoplankton ecology and physiology, in estuarine and other brackish 335 
environments. 336 
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Figure captions 
 
Figure 1.  Linear regressions corresponding to growth rate (), photosynthetic 
quantum yield activity (▲) and gross photosynthesis (u) inhibitory response induced 
on Tetraselmis suecica (a), Nitzschia N1c1 (b), Alexandrium minutum (c) and 
Prorocentrum lima (d) communities exposed to decreasing concentrations of salinity in 
the culture media. Points represent means with vertical lines showing standard deviation 
(n=8). 
 
Figure 2. Graphics representing oxygen levels recorded with Clark electrode during 
dark (▼) and light (Ñ) phases which were subjected the seawater phytoplankton 
Tetraselmis suecica (a), Nitzschia N1c1 (b), Alexandrium minutum (c) and 
Prorocentrum lima (d) communities exposed to decreasing concentrations of salinity in 
the culture media. 
 
Figure 3. Maximum rate of net photosynthesis (Pn) and dark respiration rate (R) plotted 
against the selected concentrations of salinity applied in toxicity assays on Tetraselmis 
suecica (a), Nitzschia N1c1 (b), Alexandrium minutum (c) and Prorocentrum lima (d) 
communities. Bars represent means with vertical lines showing standard deviation 
(n=8). Asterisks (*) represent significant differences (p<0.05) between Pn and R. 
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Table 1. 72-h median inhibitory concentration of salinity [IC50(72)] and their 
corresponding confidence limits (CL95%) of growth rate (G), photosynthetic quantum 
yield activity (ΦPSII) an gross photosynthesis (Pg), obtained in the nontoxic green 
microalgae Tetraselmis suecica, in the harmful diatom Nitzschia (N1c1) and in the 
harmful dinoflagellates Alexandrium minutum and Prorocentrum lima. Each IC50(72) 
value was obtained from the values obtained in 8 replicates (n=8) and are expressed in 
PSU. 
 
Organism n 
IC50(72) (CL 95%) 
G ΦPSII Pg 
Tetraselmis suecica 8 6.63 
(4.24-10.42) 
7.23 
(6.03-8.57) 
7.80 
(5.28-12.19) 
Nitzschia (N1c1) 8 5.57 
(4.93-6.02) 
9.28
 
(8.22-10.54) 
10.51
 
(9.49-11.83) 
Alexandrium minutum 8 8.47 
(5.54-11.10) 
9.70
 
(7.75-12.39) 
18.28
a* 
(16.11-21.34) 
Prorocentrum lima 8 10.67 
(9.60-11.78) 
14.69
ab 
(13.58-15.81) 
22.54
ab* 
(20.28-25.00) 
ab
: Significant differences (p<0.05) respect to values corresponding to Tetraselmis 
suecica (
a
) and Nitzschia (N1c1) (
b
), respectively. 
*: Significant differences (p<0.05) respect to values corresponding to growth and ΦPSII. 
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Importance of strain type to predict the toxicological risk
associated with Microcystis aeruginosa blooms:
comparison of Microtox® analysis and immunoassay
A. D’ors, M. C. Bartolomé and S. Sánchez-Fortún
ABSTRACT
The occurrence of toxic cyanobacterial blooms in aquatic environments, associated with human
health problems and animal deaths, has increased the need for rapid, reliable and sensitive methods
to determine the toxicity of microcystin produced by cyanobacteria. An in vitro Microtox® system
and a commercially available microcystin ELISA were used to screen out the potential risk associated
with selected Microcystis aeruginosa strains (Ma1D–Ma8D). Results showed the existence of three
differentiated groups in the selected M. aeruginosa strains. Strains Ma7D and Ma6D were
determined to be very toxic, strains Ma2D, Ma1D and Ma5D as moderately toxic and strains Ma8D,
Ma4D and MA3D as non-toxic. These results agreed with the microcystin concentration values
obtained by immunoassay. Although the data obtained by other authors clearly show that Microtox®
is not sensitive to microcystins, our results suggested that this bioluminescence assay may prove
useful in the preliminary screening of cyanobacterial blooms for microcystin-based toxicity.
Additionally, the combination of immunodetection and toxicity-based Microtox® provides a useful
addition to the methods already available for detection of cyanobacterial toxins.
A. D’ors
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México
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INTRODUCTION
Some species and strains within the freshwater cyanobacterial
(blue-green algal) genera Microcystis, Oscillatori, Anabaena
and Nostoc are known to produce cyclic heptapeptide
liver toxins (Carmichael ). Microcystins are the most
commongroupofhepatotoxins. Todate, over 80 structural var-
iants have been characterized from field samples or isolated
strains (Krüger et al. ). Cyanobacterial toxins can cause ill-
ness and death in animals such birds and fish (Codd et al. ;
Carmichael ). Consumption of both cyanobacteria and
water containing released toxins may cause poisoning. The
lethal dose depends on the type of cyanobacterial toxins and
species of cyanobacteria, as well as on the age, weight and
gender of the exposed organism (Palus et al. ).
Toxic cyanobacterial blooms in waterbodies used for
recreation and drinking constitute hazards to human
health by skin contact and ingestion (Falconer ).
Weather factors, such as temperature (15–30
W
C), windless
weather and water pH (pH 6–9), also play an important
role in the formation of algal blooms (Palus et al. ).
Up to 50% of natural blooms reported in many European
countries are related to freshwater cyanobacterial species.
Of these, at least 25% were considered toxic (WHO ).
One of the first difficulties encountered in confirming a
toxic algal bloom is distinguishing it from a non-toxic one.
This is because the same species may produce both toxic
and non-toxic strains (Volterra et al. ). Environmental
factors may affect microcystin production inMicrocystis cul-
tures by a factor of 3 to 4 (Sivonen & Jones ). However,
the capability for microcystin production as such is geneti-
cally determined. Strains isolated from the same bloom
256 © IWA Publishing 2012 Journal of Water and Health | 10.2 | 2012
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